1. Introduction. We are concerned with the oscillatory behavior of solutions of the  Timoshenko beam equation   94m  32u  ,  , 94u 94 w , , , .
-+ <x/3y --(/? + y) + -+ c(x, f, u) = f(x, t), (see [5, p. 433] and [7, p. 150] ). If a = pA/EI, fi = kfi/p, y = E/p, c(x, t,u)= 0 and f(x, t) = (k1G/p1I)q(x, t), (*) reduces to Eq. (1).
The purpose of this paper is to obtain sufficient conditions for all solutions of (*) subject to certain boundary conditions to be oscillatory in J X R +. Our method is an adaptation of that used in studying the oscillatory behavior of solutions of hyperbolic equations (cf. [1-3, 6, 8] ). In Sec. 2 we present oscillation criteria for a class of fourth order ordinary differential inequalities. In Sec. 3-5 oscillation criteria for (*) are derived on the basis of the results in Sec. 2. We consider three kinds of end conditions, i.e. hinged ends (Sec. 3), hinged-sliding ends (Sec. 4) and sliding ends (Sec. 5).
We assume that the following conditions are satisfied throughout this paper: (A-I) c(x, t, tj) is a real-valued continuous function in J X R + X R1-, (A-II) t]c(x, t,ri)> 0 for all (x, t, rj) e J X ^ + X jR1; (A-III) c(x, t, -tj) = -c(x, t, T)) for all (x, t, rj) e / X R + X R+; (A-IV) f(x, t) is a real-valued continuous function in J X R+.
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TAKASI KUSANO AND NORIO YOSHIDA Definition. A function u: J X R + ^> Rl is said to be oscillatory in J X R+ if it has a zero in J X (t, oo) for any t > 0.
2. Fourth order ordinary differential inequalities. We consider the fourth order ordinary differential inequality j<4)(0 + k2y"(t) 4-m2y(t) < h(t), t > a.
The object of this section is to obtain sufficient conditions under which (2) has no eventually positive solution. It is assumed that k and m are nonnegative constants and h(t) is a continuous function on [a, oo). We define for all large T.
Proof. Suppose to the contrary that there exists a solutiony(t) of (2) such that _y(?) > 0 on [?0, oo) for some t0 > 0. Integrating (2) over (t0, t) twice, we obtain 
Applying Theorem 2 of Kusano and Naito [4] , we see that under condition (6) inequality (4) has no positive solution on [?0, oo). This is a contradiction and the proof is complete. liminf / (l -^)(j^ * h(l-) sin u+ (£ -s) ds =-oc (7) for all large T.
Proof. Suppose that there is a solution y(t) of (2) such that^(0 > 0 on [?0, oo) for some t0 > 0. Letting <£ = <£(/, .s) = sin u+(t -5), we find that <p(t, s) > 0 for all / e (s, s + V<o+), cf>(s, s) = <f>(s + w/w+, s) = 0, and that 4>(t, s) satisfies
where the subscript t denotes the partial differentiation with respect to t. Multiplying (2) by <f> and integrating over (s, s + 77/co J with respect to t, we obtain
Integration by parts gives rs + 7T/u>+ ,,-\s + Tr/io+ r , ls + 7r/to + , /"s+ir/u+ 
Combining (9)-(ll) and using (8) yields
Since k2 -co\ = u2_ > 0, it follows from (12) that y(s 4-tt/co +) +^ (5) is a positive solution of
w+ Js
On the other hand, using Theorem 2 of [4] and taking account of (7), we conclude that (13) has no eventually positive solution. The contradiction establishes the theorem. Proof. Let y(t) be a solution of (2) such that y{t) > 0 on [?0, oo) for some t0 > 0. Repeating the argument used in the proof of Theorem 2.2, we observe that z(s) = y(s + 77-/co+) + y(s) satisfies (13). Multiplying (13) by sin u_(s -/) and integrating over (Z, t + ■n/u_) with respect to .v, we obtain y(t +(t7/w + ) +(w/w-)) +y(t + 7r/u + ) +y(t + tt/u_) + y(t) Remark 2. Consider the particular case of (2) in which h(t) = 0, i.e. y<4)(t) + k2y"{t) + m2y(t) < 0.
If /c 2 > 0, m2 > 0 and k4 -4m2 > 0, we can apply Theorem 2.4 to conclude that (15) has no eventually positive solution.
3. Hinged ends. We consider the case where the ends of the beam are hinged, so that solutions u(x, t) of (*) are required to satisfy the boundary condition a7+'(,V"('it7te+',V</,x'')'
Multiplying (18) by ip(x) = sin (it/L)x and integrating over (0, L), we obtain
Integration by parts and use of (HE) yields rL 32u
•'n HrA J0 dx fL dx = (V^)4dx.
J a Hr
Hence, (19) leads to
is a positive solution of (16) on (t0, oo). This contradicts the hypothesis. In the case where u < 0 on [f0, oo), U = u satisfies 34U n 32t/ , n x 34U n 34U . TTv ,
-+ 4>y--(/, + T> -+ 0T -+ c(x. ,,u).
-/(*, <).
Using the same arguments as in the case where u > 0, we are led to a contradiction. The proof is complete. (16) and (17), we obtain the following results. 
